ABSTRACT: The aim of this study was to evaluate the potential added value of Hediste diversicolor, cultured for 5 mo in sand bed tanks supplied with effluent water from a super-intensive marine fish farm, by comparing their fatty acid (FA) profile with that of wild specimens. The polychaetes showed an approximately 35-fold increase in biomass during the experimental period and their FA profile was significantly different from that of wild specimens. In cultivated specimens, the most abundant FA class was that of highly unsaturated FA (HUFA), with eicosapentaenoic acid (EPA, 20:5n-3) being the best represented. Similar percentage (SIMPER) analysis showed an average 20.2% dissimilarity between the FA profile of wild and cultivated specimens, supporting the view that the culture system employed enables the recovery of high value nutrients (e.g. EPA and docosahexaenoic acid [DHA,) from fish feeds into the tissues of H. diversicolor that would otherwise be lost from the production environment. While the nutritional value of wild ragworms is well established in marine aquaculture (namely for broodstock maturation diets), the higher level of DHA displayed by the specimens produced under the proposed culture system may grant them a premium market value.
INTRODUCTION
Recirculating aquaculture systems (RAS) are currently considered one of the paradigms of the Blue Revolution, as they allow people to 'grow fish anywhere' (Martins et al. 2010) . The principles behind RAS promote the treatment and reuse of culture water, with 10% or less of the total water volumes having to be replaced per day (Hutchinson et al. 2004 , van Rijn et al. 2006 . However, one of the constraints impairing the expansion of these production systems (in a closed or semi-closed operation) is the challenge associated with the load of organic-rich suspended particulate matter (POM), dissolved orga nic matter (DOM) and nutrients in dissolved inorganic form (nitrogen, N, and phosphorus, P) present in its effluent (Schneider et al. 2005 , Marques et al. 2017 .
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A number of integrated multi-trophic aquaculture (IMTA) systems have been developed in order to reduce the nutrient load present in the effluents produced when growing finfish or shrimp. In other words, IMTA combines the integrated culture of fed target species (e.g. finfish/shrimp) with that of extrac tive species that use particulate or dissolved orga nic matter (e.g. shellfish/herbivorous fish) or dissolved inorganic nutrients (e.g. seaweed/halophytes) generated through the excretion products of fed species and uneaten feed (Schneider et al. 2005 , Chopin et al. 2008 , Alexander et al. 2015 . Overall, this environmentally friendly approach aims to address the im pacts commonly associated with conventional aqua culture, such as nutrient loading and sedimentation (Schneider et al. 2005 , Barrington et al. 2009 ). In this way, promoting IMTA practices may help to overcome the current bottlenecks faced by enterprises operating RAS, as the nutrient-rich effluents that they generate may be used to culture additional species. While on one side this approach allows the nutrient load issue to be addressed from a biomitigation perspective, through the incorporation of nutrients in extractive species biomass, it also opens up the opportunity of adding new cash-crops to the production model through the valorization of those extractive species (Chopin et al. 2008 , Alexander et al. 2015 .
The polychaete Hediste diversicolor (O.F. Müller, 1776), popularly known as ragworm, is a candidate species for land-based IMTA systems, as it can efficiently recycle particulate organic nutrients present in fish farm effluents (Scaps 2002 , Bischoff et al. 2009 , Santos et al. 2016 ). This polychaete is a burrowing species that inhabits the soft bottoms of shallow marine and brackish waters environments, generally in sediments with high organic contents, in the North temperate zone of European and North American Atlantic coasts (Scaps 2002 , Lillebø et al. 2012 . H. diversicolor exhibits a 'bentho-pelagic life cycle' (Scaps 2002 , Nesto et al. 2012 . It is one of the rare Nereid species which remain atokous throughout their lifespan, contrasting with some other Nereids which undergo a metamorphosis to a typical epitokous heteronereid form (Scaps 2002 , Breton et al. 2003 , Aberson et al. 2011 . During reproduction, the female incubates the eggs for a period of 10 to 14 d inside the gallery, and dies soon afterwards. In this way, the direct or brooded larval development permits a greater flexibility in the level of development of the released offspring (Aberson et al. 2011) . The feeding modes of this polychaete are diversified, ranging from surface deposit to suspension feeding, and they are also able to scavenge and actively prey on other organisms (including conspecifics) (Luis & Passos 1995 , Fidalgo e Costa et al. 2000 , Bischoff et al. 2009 ). The interactions with its environment show an efficient adaptation to a variation of environmental parameters such as salinity, temperature and dissolved oxygen (Smith 1964 , Fritzsche & von Oertzen 1995 , Murray et al. 2017 . Polychaetes also play an important ecological role in the marine environment, as they are major contributors to the resuspension of organic matter via bioturbation (Würzberg et al. 2011 ), a feature of great relevance for their potential use in IMTA. Indeed, some studies have already highlighted how polychaetes can be successfully employed in the bioremediation of aquaculture effluents under an IMTA framework (Palmer 2010 , Fang et al. 2017 .
The nutritional value of ragworms is well established in marine aquaculture, with these organisms being a highly valued item in marine finfish and shrimp maturation diets (Olive 1999 , Techaprempreecha et al. 2011 , Santos et al. 2016 . One of the main reasons for their popularity is their fatty acid (FA) profile, namely the levels they display of important polyunsaturated FA (PUFA) (Brown et al. 2011 , Santos et al. 2016 . Some polychaete species, including H. diversicolor, are able to biosynthesize PUFA, such as 20:5n-3 eicosapentaenoic acid (EPA) and 22:6n-3 docosahexaenoic acid (DHA), which are known to be essential for marine finfish and shrimp (Olive 1999 , Fidalgo e Costa et al. 2000 .
In order to evaluate the potential valorization of H. diversicolor cultured in sand bed tanks supplied with effluent water from a super-intensive marine fish farm, their fatty acid profile was determined and compared with that of wild specimens. The experimental procedure aimed to test (1) whether ragworm FA profiles depend on food source, by comparing cultured and wild specimens, and (2) whether the FA profiles of ragworms cultured in sand bed tanks supplied with RAS effluent are size-dependent, by comparing small, medium and large ragworms.
MATERIALS AND METHODS

Experimental set-up
Effluent originating from a super intensive RAS system farming Senegalese sole Solea senegalensis was pumped from a settling basin to a bio-block tower system, in order to allow the effluent water to trickle and increase its oxygen levels before reaching the header tank reservoir. In this header tank, the effluent was strongly aerated and set to flow in parallel into 6 experimental sand bed tanks. Each of these tanks had an approximate volume of 1 m 3 and a surface area of 1 m 2 . The bottom of each tank was covered by 200 mm of sand (1 to 2 mm grain size substratum) beneath which a draining pipe allowed the effluent water to percolate through the sand bed. Each tank was equipped with 2 outlets, one that regulated the water level inside the tank and allowed the water to drain and another one that was set to prevent the tank from overflowing in case the sand bed became clogged and impaired water percolation. Sand bed tanks were placed in parallel and supplied with aerated RAS effluent water by gravity at a flow of 180 l h −1
. All tanks were equipped with a 0.8 m diameter ring of aeration hose supplying compressed air (see Marques et al. 2017) . Three of the 6 experimental sand bed tanks were stocked with wild polychaetes (WP), while the remaining 3 were set as controls. The experiment was run for 5 mo (from May to October) and no additional feed was provided to the polychaetes during this period to supplement the organic-rich effluent containing uneaten/undigested feed and fish feces. During the experimental period, temperature, salinity, pH and dissolved oxygen concentration of the effluent water being supplied to the tanks was monitored twice a month using a WTW Cond 3110/SET 1 equipped with TetraCon ® 325, a WTW pH 330i/SET equipped with SenTix ® 41, and a WTW Oxi 3210/SET 2 equipped with CellOx ® 325-3, respectively.
Polychaete stocking and sampling
Wild specimens of Hediste diversicolor (average total length between 80 and 100 mm, the commercial size of this species when traded as bait for sports fishing) were collected in the Ria de Aveiro coastal lagoon (Portugal 40°38' 04.8" N, 8°39' 52.4" W) by local fishermen, and 200 individuals (with a combined weight of 130 g) were stocked in each of the 3 sand bed tanks randomly selected to act as polychaete-assisted sand filters. At 5 mo post-stocking, polychaetes were sampled using a hand corer (110 mm diameter and 150 mm long), with 3 cores being taken from each colonized sand bed tank. Polychaete specimens were sorted in situ and transported to the laboratory in sterilized sand and clean seawater. At the laboratory, all specimens were left to depurate overnight in pre-combusted sand and artificial seawater prepared to match salinity in situ (20) . Subsequently, all sampled specimens were separated into 3 pre-established size classes (small < 30 mm, medium 30 to 50 mm and large > 50 mm). At the beginning of the experiment, triplicate samples of WP (all from the large class) that were used to stock the tanks, were left to depurate overnight under identical conditions as those previously described. After depuration, wild polychaetes and those originating from the sand bed tanks were freeze-dried and stored at −80°C for subsequent FA analysis.
Sampling of potential nutrient sources of POM for FA analysis
To perform the FA characterization of all potential nutrient sources available to the ragworms stocked in the sand bed tanks, triplicate samples of the 2 fish feed types (FEED A and B) used during the grow-out of S. senegalensis in the RAS system, as well as uneaten/undigested feed and fish feces accumulated in the cyclone filters (POM), were collected, freeze dried and stored at −80°C for posterior FA analysis. The top 10 mm of the sand bed surface of each tank stocked with ragworms, all organic-rich settled particles (OM), were also collected in triplicate from each tank and were also processed as described above for FA analysis.
FA extraction and analysis
The derivation of FAs for gas chromatography (GC) analysis was performed following the methodology described by Aued-Pimentel et al. (2004) , adjusting the weight, as this method has the advantage of being performed at room temperature and thus reducing the risks of FA decomposition. All freeze-dried samples were powdered and homogenized, weighed accurately in a Sovirel Pyrex glass tube (40 mg of ragworm biomass, 20 mg of FEED, ~40 mg of POM and 150 mg of OM) and dissolved in 1 ml of the internal standard solution of a methyl ester fatty acid C21:0 in n-hexane (0.35 g l −1
). In the same tube, 0.2 ml of a methalonic KOH solution (2 mol l −1 ) was added, and the tube was sealed and mixed vigorously in a vortex shaker for 30 s. Following this procedure, 2 ml of a saturated NaCl solution was added to the tube, and the mixture was centrifuged for 5 min at 1409 × g. The separated organic phase (1 ml) was transferred into another tube and the excess solvent was removed under vacuum. The oil ob tained was dissolved in nhexane (200 µl) and analyzed by gas chromatography with a flame ionization detector (GC-FID), using a Perkin Elmer 400 instrument (PerkinElmer). The detector and injector were kept at 250°C, with hydrogen as carrier gas. FAs were separated in a fused-silica capillary column, DB-FFAP (30 m length, 0.32 mm internal diameter, 0.25 µm film thickness, J & W Scientifics) with the following temperature program: 50°C for 3 min, 40°C min −1 to 160°C, 2°C min −1 to 210°C, 20°C min −1 to 250°C (for 1 min). The identification of FAs was done by matching with a previously injected standards mixture (Supelco ® 37 component FAME mix, Sigma-Aldrich). The FA content (µg mg −1 dry weight, DW) in the samples analyzed was calculated considering the relationship between mass, the area of FAs and the internal standard (C21:0). PUFA are defined as all FA with ≥2 double bonds; in the present study, highly unsaturated fatty acids (HUFA, FAs with ≥4 double bonds) are considered separately.
Statistical analysis
Statistical analysis was performed using PRIMER v6 with the PERMANOVA+ add-on. A resemblance matrix using the content (µg g −1 DW) of each FA in each sample was prepared using the Bray-Curtis similarity coefficient, after performing a log(x + 1) transformation to emphasize compositional rather than quantitative differences (Anderson 2008) . Hypotheses were tested by performing 2 independent 1-way analyses of similarities (ANOSIM). To assess the differences between FA profiles of cultured polychaetes versus WP and those of small, medium and large cultured polychaetes (SPC, MPC and LPC, respectively) in sand bed tanks, a global R statistic was calculated where values close to 1 indicate maximum differences between groups and values near 0 indicate a complete group overlay. Similarity percentage (SIMPER) analysis was also performed to evaluate the percentage that each FA contributed to the dissimilarity recorded between samples, with those contributing 50% of cumulative dissimilarities being highlighted. Hierarchical cluster analysis was performed to group the samples according to their similarity. A dendrogram was used to highlight the hierarchical similarity among the samples. Similarity among the samples was calculated using the BrayCurtis similarity measure and the group average algorithm was used to group the samples successively in a hierarchical way. A canonical analysis of principal coordinates (CAP) was performed to evaluate the strongest correlation of LPC in the predefined groups (OM, POM, FEED A and B). For a detailed description of all the statistical analysis described above please refer to Clarke & Gorley (2006) .
RESULTS
Biomass production of ragworms
During the 5 mo experimental period, water parameters (average ± standard deviation, SD) within the sand bed tanks remained stable (see Table A1 in the Appendix), with an average water temperature of 19.6 ± 1.3°C, salinity 21.2 ± 0.2, pH 7.8 ± 0.2 and dissolved oxygen 8.4 ± 0.7 mg l , which represented an approximately 35-fold increase in density, solely considering LPC (initial biomass of 130 g increasing to 2292 g 5 mo later) and approximately 18-fold considering the whole biomass of cultured polychaetes (initial biomass of 130 g increasing to 2622 g 5 mo later).
On average, the total numbers of polychaetes per tank were 9608 ± 5922, 3374 ± 1464 and 7094 ± 1375 ind. m −2 , for SPC, MPC and LPC, respectively. The average number of LPC recorded represented approximately 100 bait packages similar to those originally introduced into the system (each pack of bait holds ~70 individuals).
FA profile analysis
The FA profiles of WP, SPC, MPC and LPC (these displaying a similar size to that of wild specimens), POM, OM, and FEED A and B are summarized in Table 1 . Considering FA classes, WP and LPC displayed similar profiles; however, the ANOSIM test revealed the existence of significant differences (R = 1, p = 0.002) between the FA profiles of WP and LPC. HUFA was the most abundant FA class (8.78 ± 0.70 and 14.23 ± 1.08 µg g −1 DW for WP and LPC, respectively), with EPA (20:5n-3) being the best represented FA (5.51 ± 0.29 and 8.34 ± 0.36 µg g −1 DW for WP and LPC, respectively). PUFA averaged 2.34 ± 0.38 and 3.99 ± 0.46 µg g −1 DW for WP and LPC, respectively, while monounsaturated fatty acids (MUFA) averaged 6.69 ± 1.28 and 10.05 ± 1.08 µg g −1 DW for WP and LPC, respectively. Concerning saturated fatty acids (SFA), WP presented 6.52 ± 1.62 µg g −1 DW, while LPC displayed 8.99 ± 1.16 µg g −1 DW, with the most representative SFA being palmitic acid (16:0) (4.22 ± 1.10 and 5.63 ± 0.85 µg g −1 DW for WP and LPC, respectively). The identification and quantification of the FA profiles of FEED A and B, POM and OM revealed that the most representative FA in each of these samples was: (MUFA) vaccenic acid (18:1n-7) (25.13 ± 3.17 µg g −1 DW) for FEED A; (SFA) palmitic acid (16:0) for FEED B (23.44 ± 1.22 µg g −1 DW) and POM (8.16 ± 1.16 µg g −1 DW), and (PUFA) eicosadi enoic acid (C20:2n-6) (2.29 ± 0.20 µg g −1 DW) for OM. SIMPER analysis showed that the FA profiles of WP and LPC displayed an average dissimilarity of 20.2%, with more than 50% of that dissimilarity being explained by the following FAs: 18:3n-3 (alphalinolenic acid, ALA), 22:4n-6 (docosatetraen oic acid, DTA), 18:2n-6 (linoleic acid), 22:6n-3 (DHA), 18:1n-9 (oleic acid), 18:3n-6 (gamma linolenic acid, GLA) and 22:1n-9 (erucic acid) ( Table 2) .
The ANOSIM test revealed the existence of significant differences between the FA profiles of SPC and LPC (R = 0.474, p = 0.011), and MPC and LPC (R = 0.319, p = 0.017). However, the low R-values displayed in both comparisons suggest that these differences were more likely due to natural variability than promoted by the different size of the polychaetes. No significant differences were recorded in the FA profiles of SPC vs. MPC (R = 0.131, p = 0.121). SIMPER analysis ( (n = 9) (n = 9) (n = 9) (n = 9) (n = 6) (n = 3) (n (FEED A and FEED B) . Values are averages of 9, 6 or 3 replicates ± standard deviation. ND: fatty acid not detected. SFA: saturated fatty acids (14:0; 15:0; 16:0; 17:0; 18:0; 20:0) ; MUFA: monounsaturated fatty acids (16:1n-7; 16:1n-9; 18:1n-9; 18:1n-7; 18:1n-5; 20:1n-9; 22:1n-9) ; PUFA: polyunsaturated fatty acids (16:2n-6; 18:2n-6; 18:2n-3; 18:3n-6; 18:3n-3; 20:2n-6; 20:2n-9 ; 20:3n-6); HUFA: highly unsaturated fatty acids (20:4n-6 [arachidonic acid, AA]; 20:5n-3 [eicosapentaenoric acid, EPA]; 22:4n-6; 22:5n-3; 22:6n-3 [docosahexaenoic acid, DHA]). PUFA are defined as all FA with ≥2 double bonds; in the present study, HUFA (FA with ≥4 double bonds) are not considered within ∑PUFA. Others refers to the FAs 14:0 (iso), 15:0 (iso) and 16:0 (iso) larities recorded between the FA profiles of SPC, MPC and LPC in sand bed tanks were as follows: 6.1% for LPC vs. MPC; 8.2% for LPC vs. SPC; and 5.7% for MPC vs. SPC. The single FAs contributing the most to the re corded dissimilarities were: 16:0 (explaining 8.9% of the dissimilarity between LPC and MPC); 18:2n-6 (explaining 9.5% of the dissimilarity between LPC and SPC); and 20:4n-6 (explaining 10.8% of the dissimilarity between MPC and SPC).
Regarding the FA profiles of LPC and potential sources of food (POM, OM, FEED A and B), SIMPER revealed a dissimilarity of 40.9% between LPC and POM, 60.8% between LPC and OM, and 43.7 and 44 .3% between LPC and FEED A and B, respectively (Table 2) . A first hierarchical cluster analysis (Fig. 1) re vealed 2 distinct clusters (with a 90% similarity) separating the FA profiles of WP Hediste diversicolor from those of conspecifics cultured in sand bed tanks. A second hierarchical cluster analysis (Fig. 2) showed that the FA profiles displayed by OM samples were clearly separated (similarity < 60%) from those exhibited by cultured, large H. diversicolor and POM, as well as FEED A and B.
The CAP analysis revealed that the FA profile most closely resembling that of LPC was that of POM, as 100% of all LPC profiles were allocated to POM when LPC was selected for the 'leave-one-out' allocation routine ( Table 2 . SIMPER overall average dissimilarities (%) between the mean fatty acid (FA) profiles of wild (WP), and small, medium and large (SPC, MPC and LPC, respectively) Hediste diversicolor cultured in the sand bed tanks, and organic matter (OM), particulate organic matter (POM) and fish feed (FEED A and FEED B) Fig. 1 . Hierarchical cluster analysis groups of the fatty acid profiles of wild (WP), and small, medium and large cultured Hediste diversicolor (SPC, MPC and LPC, respectively)
DISCUSSION
The reproduction success of wild Hediste diversicolor under cultivated conditions (i.e. using RAS effluents displaying a high level of uneaten/ undigested feed and fish feces) confirms the ability of this species to switch its feeding behavior according to trophic/ environmental conditions (Bischoff et al. 2009 ). In fact, it has been demonstrated that under nutrientenrichment conditions, the surface deposit-feeding behavior of H. diversicolor is enhanced over suspension feeding and/or predation (Aberson et al. 2016) . The increment re corded in biomass and density during the experimental period corroborates that the available food was sufficient to secure growth and reproduction. In addition, the bentho-pelagic life cycle of H. diversicolor and its direct development in the sand bed tank environment, without loss of offspring, allows reproductive success and a significant increase in polychaete density.
The FA profiles of cultivated specimens (SPC, MPC and LPC) and wild polychaetes (WP) are in agreement with previous studies (Table 4) reporting that the most abundant FA recorded in cultured and wild polychaetes are pal mitic acid, stearic acid, oleic acid and EPA (García-Alonso et al. 2008 , Bischoff et al. 2009 , Techaprempreecha et al. 2011 , Lillebø et al. 2012 . Of these, EPA (8.34 ± 0.36 µg g −1 DW in LPC and 5.51 ± 0.29 µg g −1 DW in WP) was the most abundant HUFA present in polychaete biomass. It can be seen that cultivated specimens are able to incorporate almost all available EPA in their food sources into their tissues, even when this FA is present in low levels (e.g. 0.11 ± 0.04 µg g −1 DW for POM, 0.36 ± 0.12 µg g −1 DW for OM, 7.06 ± 0.71 µg g −1 DW for FEED A and 16.20 ± 2.15 µg g −1 DW for FEED B). EPA levels present in food sources can be complemented by the polychaetes through de novo synthesis (Santos et al. 2016 ). This FA is one of the major components of fish oil, a precursor of prostaglandins and thromboxane. It cannot be synthesized de novo in humans (García-Alonso et al. 2008) , and is therefore classified as an essential FA (Olive 1999) . DHA is also an essential FA of great importance in marine fish nutrition. The significant increase in DHA concentrations in cultured specimens may be due to a selective retention in tissues and/or their ability to elongate FAs through a pathway that involves chain elongation of EPA and its desaturation to obtain DHA (Olive et al. 2009 ). The absence of DHA in the tissues of wild specimens might reflect a deficiency of this FA in natural intertidal mud-flat food sources. Arachidonic acid (AA, ) is another n-6 long-chain FA es- DW, respectively) and takes part in several metabolic pathways in invertebrates, e.g. Perinereis nuntia (Techaprempreecha et al. 2011) and Nereis virens (Brown et al. 2011) . This FA can also be biosynthesized from linoleic acid (Bischoff et al. 2009) . It has been shown that, to some extent, polychaetes (Arenicola marina) have the ability to elongate 18:2n-6 (linoleic acid) to produce 20:2n-6, which through a desaturation pathway can yield de novo 20:4n-6 (Olive et al. 2009 ). In addition, polychaetes can also retain most 20:4n-6 (AA) present in their diet (OM = 0.12 ± 0.02 µg g −1 DW). AA is an essential FA in fish nutrition, particularly during early life phases (e.g. larval stages), thus being paramount when selecting ingredients to fulfil the nutritional needs of cultured marine fish (Bell & Sargent 2003) . According to other studies, palmitic acid (16:0) represents one of the most abundant saturated FAs present in polychaetes (García-Alonso et al. 2008 , Brown et al. 2011 , Techaprempreecha et al. 2011 , Santos et al. 2016 ). Palmitic acid is the first FA to be biosynthesized and is a precursor of longer-chain saturated FA (Nelson & Cox 2004) . Palmitic acid is also a precursor of many types of mole cules with physiological relevance, such as membrane lipids, fats and waxes (García-Alonso et al. 2008) .
Results show that the proposed system for culturing H. diversicolor enables the recovery of HUFAs (e.g. EPA, DHA and AA) and palmitic acid into the tissues of these polychaetes. These FA can be reintroduced into productive systems through the potential of H. diversicolor to recycle these key ingredients available in different food sources originating from cultivated fish (POM, OM, FEED A and B). Without the action of H. diversicolor, these essential FA would likely be lost into the environment. In its natural habitat, H. diversicolor is prey for higher trophic levels, either small fish such as the common goby Pomatoschistus microps and the sand goby P. minutus (Scaps 2002) , or larger fish also used for human consumption, such as the Senegalese sole Solea senegalensis (Rosa et al. 2008 ). This may somehow explain the high level of acceptability displayed by this prey when offered to farmed fish species. In the present study, it was shown that cultivated H. diversicolor displays a FA profile that holds great potential to marine fish aquaculture as: (1) it is able to reduce the loss of essential FA from the productive system to the environment; and (2) it displays an enhanced nutritional value when compared to wild 18:2n-6 C22:6n-3 Table 4 . Summary table with the most abundant fatty acids in polychaete worms with different food sources specimens (e.g. the presence of DHA in its FA profile). Moreover, the average number of LPC recorded in the present study after 5 mo is the equivalent of approximately 100 bait packages identical to those initially used to stock each tank (with circa 70 specimens per package).
CONCLUSIONS
Overall, the present study confirms the potential of Hediste diversicolor for the bioremediation of superintensive marine fish farm effluents and highlights its ability to retain high value nutrients (e.g. HUFA in general and EPA in particular, and to a lesser extent DHA) from fish feeds that would otherwise be lost from the production environment. Ragworm biomass of large specimens may be valued selectively if traded live for sport fish bait, as these are traded at a unitary level (pack of live bait) and not per kg. LPC can also be frozen and traded for maturation diets for fish and/or shrimp broodstock, with their higher level of DHA being used as a feature that may grant them a premium market value over wild conspecifics. The biomass of small, medium or large cultured polychaetes (SPC, MPC and LPC, respectively) may be valued as a whole through their use as a premium ingredient for finishing diets of farmed marine organisms, thus overcoming the need to grade cultured ragworms. 
